NK cells are known to kill tumor cells and produce proinflammatory cytokines that lead to the generation of tumor-specific CTLs. Many studies have used MHC class I-deficient tumor cells and/or adjuvants that induce NK cell responses. In this study, the focus was on less-immunogenic lymphoma cells that express MHC class I as a model to study NK cell responses to tumors that do not directly stimulate NK cell activation. When RMA tumor cells that expressed a truncated version of OVA, or RMA cells alone, were injected into mice that were depleted of NK cells, the mice developed an increased number of tumor-specific CTLs, increased IFN-␥ responses, and a higher amount of Ag presentation in draining LNs compared with mice with intact NK cells. These data suggest that NK cells can inhibit the development of effective adaptive immunity in the absence of signals that trigger NK cell activation. The Journal of Immunology, 2007, 178: 6140 -6147.
N atural killer cells are cells of the innate immune system that are able to quickly respond to viral infections and tumors. Their main effector functions include cytokine secretion and cellular cytotoxicity. Although these functions can have a direct effect on a pathogen or tumor, NK cells also promote the activity of other cells of the immune system, including dendritic cells (DCs), 3 macrophages, Th1 cells, and CTLs. Therefore, NK cells play an important role in the development and regulation of adaptive immunity. Previous studies have demonstrated a role of NK cells in the development of CTL activity against tumors (1) (2) (3) (4) . NK cells are also known to promote the maturation and activation of DCs (5) (6) (7) (8) (9) (10) . Most studies investigating NK cell effects on immunity to cancer have used either MHC class I-negative or NKG2D ligand-positive tumor cells. These tumor cells cannot engage inhibitory receptors for MHC class I and engage activating NK cell receptors, respectively. Although human tumor cells can down-regulate all MHC class I molecules on the cell surface, it is common for there to be selective down-modulation of MHC class I HLA-A or HLA-B alleles but not the HLA-C or HLA-E molecules, which are recognized by NK cell inhibitory receptors (11) .
In some cases, NK cells have been reported to limit the immune response. It has been reported that NK cells impair immune responses in allograft rejection and cancer, and data suggest that NK cell lysis of APCs may be responsible for this process (12) (13) (14) . It is well documented that activated NK cells can kill immature DCs (15) (16) (17) (18) . In one case, it was reported that NK cells lysed activated syngeneic CD4 ϩ and CD8 ϩ T cells (19) . It remains unclear under which conditions NK cells promote or inhibit immune responses.
We were interested in examining the contribution of NK cells to the development of adaptive immune responses to a less-immunogenic tumor. The RMA lymphoma is a MHC class I-positive, NKG2D ligand-negative tumor that causes tumors in 100% of C57BL/6 (B6) mice at doses of 10 4 cells (20) . RMA tumors grow in a similar manner in the presence or absence of NK cells, which suggests that NK cells may not play a role in responses to these tumors (21, 22) . Primary tumors develop over a period of time, and although they may express molecules that can activate or can be recognized by the immune system, many spontaneous tumors elicit a limited immune response. This may be due to "immune editing" of tumors by the host's immune system, so that tumors that develop to become clinical problems are those that have managed to evade or inhibit host immunity. The aim of this study was to determine whether NK cells can contribute to host immunity or actively prevent immunity to poorly immunogenic tumors. In this study, we describe a role for NK cells that limits Ag presentation and CTL development in response to a syngeneic MHC class I ϩ lymphoma.
Materials and Methods

Mice and cell lines
Female C57BL/6 mice were purchased from the National Cancer Institute and The Jackson Laboratory. B6.CD1 Ϫ/Ϫ mice were provided by Dr. M. Exley (Harvard University, Boston, MA) (23). B6.Rag1 Ϫ/Ϫ mice were bred and maintained at Dartmouth Medical School. OT1 mice were purchased from The Jackson Laboratory. Mice were used at 7-9 wk of age. All animal work was conducted at the Dartmouth Medical School Animal Facility in accordance with institutional guidelines. RMA is a C57BL/6 T cell lymphoma. RMA/t-OVA was made by retroviral transduction with a vector containing a truncated OVA gene where nucleotides encoding aa 1-40 (the leader peptide) were removed (24, 25) . P815 cells expressing H-2K b were made by retroviral transduction. MHC class I-restricted B3Z T cell hybridoma cells recognize an epitope between residues 257-264 of the OVA Ag associated with H-2K b , and upon activation, B3Z cells express the LacZ gene (26) . Complete medium was as follows: RPMI 1640 with L-glutamine, supplemented with 10% FBS (HyClone), 20 U/ml penicillin, 20 g/ml streptomycin, 1 mM sodium pyruvate, 10 mM HEPES, 0.1 mM nonessential amino acids, and 50 M 2-ME. growth starting at day 5 and measured (length and width) using a caliper every other day, with two independent measurements per mouse at each time point. Mean tumor areas were calculated for each animal and group. Single-cell suspensions of spleen and inguinal (draining) lymph node (LN) cells were prepared for further analysis.
NK cell depletion in vivo
For NK cell depletion, 200 g of anti-NK1.1 (PK136) or control mouse ␥ globulin (Jackson ImmunoResearch Laboratories) in 200 l of PBS was injected into mice i.p. at days Ϫ2 and ϩ3, and ϩ8 relative to tumor inoculation (day 0), or 30 l of anti-asialo GM1 (WAKO) or control rabbit serum (Sigma-Aldrich) at day Ϫ1, ϩ4, and ϩ9. Depletion was confirmed in splenocytes on day of sacrifice by flow cytometry for DX5 ϩ and CD3 Ϫ cells, and no NK cells were detected.
Enrichment of DCs from LNs
Draining LNs were mechanically teased and mashed in petri dishes. The single-cell suspensions were carefully collected, resuspended in PBS containing 5% FBS plus 10 mM EDTA (PBS-EDTA-FBS), and layered onto 14.5% (wt/vol) Nycodenz (Sigma-Aldrich) solution containing RPMI 1640, 10% FBS, and 10 mM EDTA. After centrifugation at 600 ϫ g for 20 min, cells obtained from the interphase were washed twice in PBS-EDTA-FBS. Usually, 40 -60% of isolated cells were DCs (CD11c ϩ ), as determined by flow cytometry.
Ag presentation assay
Nycodenz-enriched LN cells were cocultured with B3Z cells (10 5 ) at a ratio of 1:5 (LN cells:B3Z) in 96-well, round-bottom plates for 24 h. Cells were then transferred to 96-well polypropylene PCR plates and subjected to an assay for LacZ activity using a LacZ staining kit (Invitrogen Life Technologies) according to the manufacturer's instructions. The number of LacZ ϩ (blue) cells was counted using a hemacytometer. To determine whether there were any tumor cells in the DC preparation, some of the DC-enriched cells were cultured in vitro for 5-8 days. The few samples with tumor cell growth were excluded.
Flow cytometry
RMA/t-OVA cells were stained with purified 25D1 mAb, then PE-antimouse-IgG1 (A85-1; BD Pharmingen) (27) . Soluble mouse NKG2D-human IgG fusion protein and FITC-goat anti-human IgG (secondary Ab; Caltag Laboratories) were used to stain RMA and RMA/t-OVA cells for detection of NKG2D ligands. To check for NK cell depletion, spleen cells were stained with FITC-anti-CD49b (DX5; BD Pharmingen) and PE-anti-CD3 (145-2C11; BD Pharmingen), or isotype controls. To detect Agspecific CD8 ϩ T cells in splenocytes and LN cells, FcRs were blocked, and cells were stained with 1 g of DimerX: soluble mouse H-2K b :Ig fusion protein (BD Pharmingen) that had been loaded with 0.6 g of OVA 257-264 SIINFEKL peptide or 1 g of control mouse ␥ globulin (per 10 6 cells/ sample), and PE-anti-ms-IgG1 (A85-1; BD Pharmingen) and FITC-anti-CD8␣ (Caltag Laboratories). Cells were analyzed using a FACSCalibur (BD Biosciences) and CellQuest software (BD Biosciences).
Secondary in vitro stimulation and ELISA
To determine IFN-␥ production in RMA/t-OVA tumor experiments, 2.5 ϫ 10 6 spleen or 0.5 ϫ 10 6 LN cells were plated in triplicates in a 48-(750 l) or 96-well plates (200 l), respectively, with or without 10 Ϫ6 M OVA peptide. Stimulation of IFN-␥ in RMA tumor experiments was done by culturing 3.5 ϫ 10 6 spleen cells with 3 ϫ 10 5 irradiated RMA cells or complete medium alone in 24-well plates. Supernatants were collected after 5 days. IFN-␥ secretion was determined using a murine-specific IFN-␥ Duoset ELISA kit (R&D Systems).
CTL assay
Spleen cells (2 ϫ 10 7 ) were cultured in 6-well plates with 10 Ϫ6 M OVA peptide in 5 ml of complete medium (and 10 U/ml IL-2 was added after 2 days). Stimulated spleen cells were used as effectors, at 100:1 and 50:1 E:T ratios, with RMA/t-OVA, 10 Ϫ6 M OVA peptide-pulsed P815/H-2K b cells, or P815/H-2K b cells alone that had been labeled with 51 Cr for 1 h. After 
Generation of bone marrow-derived DCs
Single-cell suspensions of bone marrow obtained from C57BL/6 mice were depleted of RBC by ACK lysis buffer (0.16 M NH 4 Cl, 0.01 M KHCO 3 , and 0.1 mM EDTA). To generate DCs, the precursors were cultured in RPMI 1640 plus 10% FCS and 10 ng/ml recombinant mouse GM-CSF (Pepro-Tech) in 100-mm petri dishes at a density of 2 ϫ 10 6 cells/ml. One volume of fresh GM-CSF-containing medium was added every 3 days for a total of 6 -7 days. DCs were purified by CD11c ϩ magnetic beads (Miltenyi Biotec) according to the manufacturer's instructions.
Purification of NK and T cells
Purified NK cells were obtained from B6.Rag1 Ϫ/Ϫ spleen cells using magnetic bead selection (Miltenyi Biotec) and FITC-labeled anti-DX5 Abs according to the manufacturer's instructions. CD8 ϩ OT1 T cells were purified using a similar protocol with FITC-labeled anti-CD8␤ Abs. Cell purities were Ͼ90% for NK cells (DX5 ϩ ) and 95% for OT1 T cells (CD8␤ ϩ ).
In vitro cross-presentation assay
Purified CFSE-labeled OT1 T cells (5 ϫ 10 4 ) were cultured with 2 ϫ 10 4 bone marrow-derived DCs and 2 ϫ 10 4 irradiated P815/t-OVA (100 Gys) in a total of 200 l of complete medium. As a positive control, DCs were pulsed with OVA 257-264 peptide (10 Ϫ10 M) for 45 min at 37°C in complete medium. The DCs were washed three times before culture with OT1 T cells. In some wells, 2 ϫ 10 3 or 10 4 NK cells were added to cell cultures.
To determine the effects of NK cells on T cell proliferation in the absence of DCs, OT1 cells were stimulated with anti-CD3 (2 g/ml) or OVA 257-264 peptide (10 Ϫ8 M) in the presence or absence of NK cells. Proliferation of T cells (loss of CFSE labeling in T cells) was determined by flow cytometry after 65-68 h of culture.
Statistics
Differences between groups were analyzed using the Student t test. A value of p Ͻ 0.05 was considered significant.
Results
NK cell-depleted mice have more tumor-specific CTLs and increased tumor-specific lysis
To determine the role of NK cells in the development of tumorspecific CTLs in a syngeneic tumor model, C57BL/6 mice were depleted of NK cells and inoculated s.c. with 10 4 RMA/t-OVA cells. RMA/t-OVA cells express H-2K b /OVA peptide complexes on their surfaces ( Fig. 1A) and were made by retrovirally transducing RMA cells with a vector containing a truncated OVA gene, so the OVA protein cannot be secreted and remains an intracellular tumor Ag (24, 25) . Like the RMA parental cell line, RMA/t-OVA cells do not express NKG2D ligands (Fig. 1B) . Fourteen days after RMA/t-OVA tumor inoculation, spleen and draining (inguinal) LN cells were restimulated with OVA 257-264 SIINFEKL peptide for 5 days. As shown in Fig. 2 , cells were stimulated by OVA peptide in both groups, as illustrated by the increase in IFN-␥ over medium alone. However, there was a greater amount of IFN-␥ produced by both spleen and LN cells from NK cell-depleted mice compared with those given control Abs. This result suggests that NK cells may have been limiting the generation of tumor-specific CD8 ϩ T cells. Tumors appeared slightly larger by day 11 in mice without NK cells compared with intact mice, but this difference disappeared after day 15 and there was no overall difference in tumor growth (data not shown).
To explore the effect of NK cell depletion on tumor-specific CTL activity, lysis of tumor target cells by OVA peptide-stimulated spleen cells was measured. Killing of RMA/t-OVA and OVA peptide-pulsed P815-H-2K b cells was higher using effector cells from NK cell-depleted animals (Fig. 3) , indicative of increased functional activity of CTLs specific for both RMA and OVA tumor Ags. There was no difference in the lysis of P815-H-2K b cells in the absence of specific OVA peptides.
To confirm that these results concerning Ag-specific CTLs reflected Ag-specific CD8 ϩ T cells in vivo, we analyzed spleen and LN for the presence of OVA 257-264 /H-2K b -specific CD8 ϩ T cells by flow cytometry. Compared with cells from control mice, there were significantly greater percentages and absolute numbers of OVA 257-264 /H-2K b -specific CD8 ϩ T cells in spleen and draining LN in animals that had been depleted of NK cells (Fig. 4) . Thus, increases in Ag-specific CTLs were found in vivo upon NK cell depletion in this syngeneic tumor model.
Tumor-specific CTLs and IFN-␥ production are similar in CD1 Ϫ/Ϫ mice and B6 mice
To determine whether NKT cells might have a role in the inhibition of Ag-specific T cells in this tumor model, we inoculated CD1 Ϫ/Ϫ mice with RMA/t-OVA tumor cells. As shown in Fig. 5 , CD1 Ϫ/Ϫ mice had similar cytotoxicity against RMA/t-OVA and OVA peptide-pulsed P815-H-2K b cells as B6 mice. There were also similar amounts of IFN-␥ produced by spleen and LN cells from B6 and CD1 Ϫ/Ϫ mice. Moreover, the percentages of OVA 257-264 /H-2K b -specific CD8 ϩ T cells in the spleen and draining LN were slightly lower in CD1 Ϫ/Ϫ mice compared with B6 FIGURE 5. CD1 Ϫ/Ϫ and B6 mice respond similarly to RMA/t-OVA tumor cells. CD1 Ϫ/Ϫ and B6 mice were inoculated with 10 4 RMA/t-OVA cells s.c. Fourteen days later, spleen and draining LN cells were stimulated with OVA 257-264 SIINFEKL peptide for 5 days, and specific cytotoxicity (A) and IFN-␥ production (B) were determined. IFN-␥ production is shown as percentage of medium control (ϭ100). The percentages of OVA 257-264 / H-2K b -specific CD8 ϩ T cells were determined in fresh spleen and tumordraining LNs (C). mice. These data indicate that the lack of CD1-restricted NKT cells did not enhance antitumor immunity or the generation of tumorspecific CD8 ϩ T cells.
Ag presentation is enhanced in the absence of NK cells
To determine whether NK cells were affecting T cells or the APC function necessary to generate OVA-specific T cells, we developed a system that enabled us to measure Ag presentation of tumor Ags by DCs in tumor draining LNs. Animals were given anti-NK1.1, anti-asialo GM1, or control Abs i.p. and were inoculated with 10 6 RMA/t-OVA tumor cells s.c. DCs from draining LNs were isolated and cultured with B3Z cells. B3Z cells, a T cell hybridoma reporter cell line that is specific for an epitope of OVA 257-264 presented by MHC class I H-2K b , express LacZ (␤-galactosidase) upon activation (26) . The number of LacZ ϩ cells correlated with the number of CD11c ϩ DCs from the draining LN, and there was no activation of B3Z cells by CD11c ϩ DCs taken from the contralateral LN (data not shown). CD11c ϩ -enriched LN cells from both anti-NK1.1-treated or anti-asialo GM1-treated mice led to an increased number of LacZ ϩ B3Z cells compared with control mice (Fig. 6A) . Moreover, the total "APC activity" in the draining LN was higher in NK cell-depleted mice as well (Fig. 6B ). Because anti-asialo GM1 sera and anti-NK1.1 mAb treatments both increased APC function while CD1 Ϫ/Ϫ mice were no different from B6 mice, the increased activity observed was due to the absence of NK cells and not to a potential lack of NKT cells. These results were observed for Ag presentation function based on each DC and for the total APC activity in the draining LNs (Fig. 6, A and B) . We did not observe differences with respect to MHC class II or CD86 expression on the DCs in the draining LNs (data not shown). The enhanced Ag presentation by DCs in the draining LNs of NK cell-depleted mice suggests that NK cells may prevent the development of tumor-specific CTLs by limiting DC Ag presentation.
NK cells inhibit syngeneic DC-mediated activation of Ag-specific T cells
To determine whether NK cells were inhibiting T cells directly or altering DC-mediated cross-presentation of tumor Ags, we developed an in vitro system to study tumor Ag-derived cross-presentation. NK cell-resistant P815 (H-2 d ) tumor cells that expressed truncated OVA (P815/t-OVA) were combined with B6 bone marrow-derived DCs and OT1 T cells. OT1 T cells are CD8 ϩ T cells that recognize OVA peptide associated with H-2K b (28) . As shown in Fig. 7A , OT1 T cells proliferated in the presence of P815/t-OVA and DCs. However, addition of syngeneic, freshly isolated NK cells resulted in a reduced proliferation of OT1 cells (Fig. 7B) . NK cells were not inhibiting T cell proliferation to Ag itself because culture of NK cells and OT1 cells together in the presence of OVA peptide resulted in a vigorous T cell response (Fig. 7C) . Taken together, these data indicate that NK cells can inhibit the crosspresentation of tumor Ags to T cells by syngeneic DCs.
Mice inoculated with RMA tumor cells have increased IFN-␥ production upon NK cell depletion
To determine whether these results would occur in the absence of a strong model Ag (OVA), C57BL/6 mice were inoculated s.c. with 10 4 RMA tumor cells and were depleted of NK cells by anti-NK1.1 or anti-asialo GM1 Abs. Upon sacrifice, spleen cells were stimulated with irradiated RMA cells or medium only for 5 days. In the absence of a strong tumor Ag, restimulation of the immune cells is required to generate sufficient responses. Spleen cells from both groups displayed higher IFN-␥ production when cultured with RMA cells, compared with medium alone, indicating stimulation by the tumor cells. Similar to the RMA/t-OVA experiments, IFN-␥ was produced in significantly larger amounts by RMA-stimulated spleen cells from NK cell-depleted animals compared with control-treated animals (Fig. 8A) . Therefore, NK cells can exert their inhibitory effects in response to both RMA and RMA/t-OVA. We observed no tumor size difference between mice given NK cell-depleting Abs and those given control Abs (Fig. 8B) , indicating that NK cells did not alter tumor growth during the initial period of RMA tumor growth, which supports other findings (20 -22) .
Discussion
The aim of this study was to determine whether NK cells alter the generation of adaptive immunity against tumors that do not themselves induce significant NK cell activity. We have used the RMA tumor cell that expresses MHC class I and does not express NK cell-activating ligands for NKG2D. Upon NK cell depletion, enhanced immune responses against tumor Ags were observed in this murine lymphoma model. Ag-specific CD8 ϩ T cells from NK celldeficient mice were more abundant and functionally active, compared with those from intact mice. There was also increased Ag presentation by DCs in mice depleted of NK cells. We used RMA tumor cells expressing a truncated version of OVA as a model tumor Ag that would not be secreted but could be recognized on tumor cells and presented by DCs due to crosspresentation. We determined that NK cells inhibited Ag-specific T cell activation by affecting DC-dependent APC function in draining LNs and in an in vitro cross-presentation assay. Similar findings were obtained in mice inoculated with RMA/t-OVA or RMA tumor cells, which indicates that these findings were independent of the presence of OVA.
There may be several means by which NK cells alter the function of DCs in vivo. It is known that DCs lose their ability to efficiently cross-present Ags as they mature, and there are data suggesting that maturation of human DCs can be induced by coculture with NK cells in vitro at low NK:DC ratios (1:5) (7) . Mature DCs are believed to be inefficient in cross-presentation due to a loss of the ability to phagocytose exogenous Ags (29, 30) . Therefore, a possible mechanism for NK inhibitory effects on DC-mediated cross-presentation may be that NK cells promote DC maturation, leading to lower levels of cross-presentation. However, we did not observe differences in the expression of MHC class II or CD86 on DCs taken from draining LNs between NK cell-depleted and NK cell-intact mice. It may be possible that cytokines from NK cells, such as IFN-␥, may make it less likely for DCs to move to regional LNs, as has been suggested previously (31) . Activated NK cells have been shown to kill DCs in vitro (15, 16) . Studies where cytotoxicity of DCs by NK cells was observed involved activated NK cells and may not occur with fresh NK cells. Killing of immature DCs has been observed in vitro at higher NK:DC ratios (5:1) but not at low ratios (1:5) (7) . In our in vitro assay, we observed NK-mediated inhibitory effects even with 2 ϫ 10 3 cells (NK:DC ratio ϭ 1:10). It is less likely that fresh NK cells will kill DCs at a low NK:DC ratio used in our experiments. We have no data to support the fact that resting NK cells kill immature DCs in vitro during the cross-presentation assay used in this study.
Many studies have implicated a stimulatory role for NK cells in antitumor immunity. NK cells have been shown to promote DC maturation and the generation of Th1 and CTL responses. In several studies, investigators used tumor cells that lacked expression of MHC class I or that expressed ligands for NK cell-activating receptors, such as NKG2D. Studies showed that antitumor immunity against MHC class I-negative tumors was dependent on DCactivated NK cells in vivo and that TNF-␣-stimulated mature DCs activated NK cells in vitro in a contact-dependent manner (32) . Development of tumor-specific CTLs and Th1 responses to CD70 ϩ or CD80 ϩ MHC class I-deficient RMA-S tumor cells were dependent on NK cells, perforin, and IFN-␥ (1, 2) . Protective CD8 ϩ T cell memory responses induced by NK cell-activated DCs were observed in studies in which the NK cells were activated by tumor cells that lacked MHC class I (3). Mice treated with RMA tumor cells that expressed an NKG2D ligand, Rae1, were able to reject the tumor cells and developed the capacity to resist a challenge with RMA tumor cells alone (21) . Other studies also showed that expression of NKG2D ligands resulted in NK cell-dependent resistance to tumor cell challenge (33) . A s.c. NKG2D ligandpositive lymphoma model in AKR mice demonstrated a stimulatory role for NK cells in CTL generation (34) . Depletion of NK cells in this AKR tumor model led to alternatively activated macrophage formation and subsequent suppression of CTL generation. Taken together, these studies show that when activated against tumor cells, NK cells can help to generate an effective antitumor immune response, including tumor-specific CTLs.
Many tumor cells express MHC class I molecules and engage inhibitory receptors on NK cells. Some tumors do not express high amounts of ligands for NK cell-activating receptors. Spontaneous tumor cells are not particularly immunogenic, although they may express tumor-specific or tumor-associated Ags. We have modeled these "less-immunogenic" tumor cells using the RMA lymphoma. RMA is an aggressive tumor and grows progressively in B6 mice whether the mice have NK cells or not. In contrast to some other reported tumor models, we have found that removal of NK cells resulted in an increase in tumor-specific T cells and DC-mediated presentation of tumor Ags in the draining LNs. Our data suggest that when NK cells are not activated by a tumor (due to the presence of activating ligands and/or the absence of MHC class I), NK cells may limit immune responsiveness and, hence, promote tumor growth and survival. Thus, when NK cells are absent, Ag presentation by DCs and tumor-specific CTL generation are enhanced.
Some reports indicate that NK cells may limit or prevent immunity under certain conditions. Recent data have shown that NK cells can have a negative role in allograft rejection in a perforindependent manner (12, 13) . Perforin deficiency has been shown to increase transplanted DC survival in vivo, although TRAIL deficiency leads to a much larger increase in DC survival (14) . The latter study also found that NK cell depletion increased T cell Ag-specific tumor immunity; however, this report involved immunization with tumor Ag-loaded immature DCs and may not reflect responses to tumor cells themselves. Activated NK cells have also been shown to kill syngeneic, APC-activated CD4 ϩ and CD8 ϩ T cells under certain in vitro conditions (19) . There is evidence from multiple sclerosis patients treated with daclizumab that NK cells can kill activated autologous T cells, and this result supports a potential immunoregulatory role for NK cells (35) . In one study, NK cells down-regulated CD4 ϩ T cell responses during virus infection (36) . However, our data using an in vitro cross-presentation system did not indicate that NK cells killed syngeneic T cells. Another possible reason is that NK cells compete for survival cytokines, such as IL-15, with CD8 ϩ T cells. If this mechanism is involved, then elimination of NK cells would allow more such cytokines for CD8 ϩ T cells and allow them to expand to greater numbers. In models of autoimmunity, NK cells may have a stimulatory or a regulatory role that limits disease depending on the particular disease model (37, 38) .
The conditions under which this negative regulation by NK cells occurs will be important to understand, with implications for tumor immunity, allograft rejection, autoimmunity, and tolerance. These findings using a less-immunogenic tumor may reflect the role that NK cells have in regulating some autoimmune responses and spontaneous tumors. In the absence of microorganism-derived signals or direct activating ligands for NK cell receptors, NK cells may prevent presentation of Ags by DCs under conditions of limited inflammation, such as injection of tumor cells. The NK cell activity may slow, but not eliminate, the development of CTLs. This process may reflect a function of NK cells that down-regulates the immune response as an infection becomes controlled and the need to modulate immune activity takes over. In the case of cancer, tumors may use similar mechanisms to limit tumor-specific CTL development and prevent antitumor immunity from developing. Tumors use many different mechanisms to avoid an immune response, and the data reported here suggest that NK cells may aid tumor survival by limiting the presentation of tumor Ags and subsequent activation of host CD8 ϩ T cells.
